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ABSTRACT

A total of 73 plant taxa were identified from three packrat (Neotoma sp.) middens
radiocarbon dated between 14,550 and 5020 yr B.P. from Wolcott Peak in Ragged
Top, Pima County, Arizona. Most (80.1%) of the plants still grow in the area although
only 17.8% still occur at the midden site. Fourteen late Wisconsin woodland/chaparral
species (19.2%) were locally extirpated in the Holocene. Today five (6.5%) occur in
nearby (<5 km), five in moderately distant (<40 km), and four (5.5%) in more distant
(90-135 km) mountain ranges. Agave deserti was associated with Juniperus osteos-
perma, Opuntia whipplei, and Pinus monophylla in the late Wisconsin but their ranges
no longer overlap. The Ragged Top flora shifted composition in the Holocene as
woodland species died out and Sonoran desertscrub species arrived at different times.
Relict populations of Quercus turbinella, Vauquelinia californica, and Yucca baccata
reflect cooler, winter-rainfall ice age climates prior to about 8900 years ago. Isolated
populations of Echinopepon wrightii, Ipomoea cristulata, and Pisonia capitata were
likely established by chance seed dispersals 4000 to 8900 years ago in more subtropical
climates of the middle Holocene.

Seeds, fruits, leaves, twigs, and spines preserved 1n ancient packrat
(Neotoma sp.) middens have provided a rich fossil record for plants
that grow on rocky slopes in the North American deserts for the last
40,000 years (Van Devender et al. 1987). In the Sonoran Desert,
woodlands dominated by Pinus monophylla (singleleaf pinyon), sev-
eral species of Juniperus (junipers), and Quercus turbinella (shrub
live oak) descended to 600 m elevation, about 600 m lower than
modern woodlands, during the Wisconsin glacial period (>43,000
to about 11,000 years ago; Van Devender 1990). A xeric woodland
with J. californica (California juniper), Yucca brevifolia (Joshua tree),
and Larrea divaricata Cav. (creosotebush) occurred down to about
300 m. Desertscrub dominated by L. divaricata and Ambrosia du-
mosa (white bursage) were likely to have been present in lower areas
along the Colorado River throughout the Pleistocene (Cole 1986;
Van Devender et al. 1990).

After about 8900 years ago in the middle Holocene, desertscrub
communities developed in the northeastern Sonoran Desert in Ar-
izona. The last woodland/chaparral plants moved upslope as im-
portant Sonoran species including Carnegiea gigantea (saguaro),
Cercidium floridum (blue paloverde), and Encelia farinosa (brittle-
bush) returned from their ice age refugia, presumably in Sonora,
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Mexico. Relatively modern Sonoran desertscrub communities did
not form until about 4000 years ago in the late Holocene with the
arrival of C. microphyllum (foothills paloverde), Stenocereus thur-
beri (organpipe cactus), and other more subtropical desert species.
In the northeastern Sonoran Desert in Arizona, the landscape is
a mosaic of mountain ranges adjacent to broad valleys, or emergent
from desert plains. Mountain slopes typically support rich mixed
desertscrub dominated by Carnegiea gigantea and Cercidium mi-
crophyllum while sparse lowland communities are dominated by
Larrea divaricata (Shreve 1964; Turner and Brown 1982). Species
that live in rocky habitats often have discontinuous distributions
restricted to the mountains. Some of the isolated populations are
plants typically found in woodland, chaparral, or more subtropical
desertscrub (Brown 1978) that may reflect favorable climates in the
past or chance dispersals. Our survey of the flora of Ragged Top, a
rugged desert peak in the northeastern Sonoran Desert, yielded a
number of interesting isolated plants (Wiens 1990). In an attempt
to understand the developmental history of the Ragged Top flora
and to provide insight into the timing of isolation of the relicts, we
examined the plant macrofossils in packrat middens from Wolcott
Peak, a secondary peak in Ragged Top. Here we present the results
of those analyses and discuss their biogeographical implications.

STUDY AREA

Geology. Ragged Top is a steep, rugged desert mountain in Pima
County, Arizona, approximately 6.5 km north of Silver Bell and 50
km northwest of Tucson (Fig. 1). It is bordered on the east and north
by Avra Valley and on the west and south by the Silver Bell Moun-
tains, a desert range, composed of Cretaceous volcanics and granodi-
orite, reaching 1300 m elevation. Ragged Top rises to 1190 m while
Wolcott Peak on the southeast side reaches 1015 m (Fig. 2). The
north and east slopes of Ragged Top are middle Precambrian granite,
while the south and west bajadas are mainly Quaternary alluvium
and talus. The range itself is composed of a deeply weathered ridge
of Tertiary intrusive rhyolite which is mostly oriented east to west
(Nowlan et al. 1989). North—south fractures and subsequent weath-
ering have formed many small clefts and deep canyons. Packrat
middens were found preserved in the dry crevices and rockshelters.

Climate. The climate of Ragged Top is characteristic of the north-
eastern Sonoran Desert, with infrequent winter freezes, hot sum-
mers, and biseasonal rainfall (Sellers and Hill 1974; NOAA 1980).
During summer, equatorial heating strengthens the subtropical Ber-
muda High moving moist air masses both westward from the Gulf
of Mexico across the continent and north-northeastward from the
Gulf of California in a pronounced summer monsoon. In winter,
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FiG. 1. Map of the study area. Arizona Upland subdivision of Sonoran Desert in
heavy stipple; Lower Colorado River Valley in light stipple.

precipitation arrives from frontal storms moving east from the Pa-
cific Ocean. The mean annual precipitation for Silver Bell at 825 m
elevation is 312 mm/yr with 51.3% falling from July through Sep-
tember. Mean temperatures are 27.4°C annual, 17.3°C for January,
and 37.3°C for July.

Vegetation. Ragged Top is in the Arizona Upland subdivision of
the northeastern Sonoran Desert (Shreve 1964; Turner and Brown
1982). The desertscrub on the lower bajada is dominated by Cer-
cidium microphyllum, Ambrosia deltoidea (triangleleaf bursage), and
Carnegiea gigantea in association with Cercidium floridum, Olneya
tesota (ironwood), and Prosopis velutina (velvet mesquite) along ma-
jor washes. On steep, south-facing slopes Encelia farinosa (brittle-
bush) is also important. Acacia greggii (catclaw acacia), Celtis pallida
(desert hackberry), and Lycium berlandieri (wolfberry) are common
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Fi1G. 2. A. View of the southern slopes of Ragged Top and Wolcott Peak from the
Silver Bell Mountains. B. View of study area from southeast. Typical Arizona Upland
desertscrub in foreground with Carnegiea gigantea, Cercidium microphyllum, and
Fouquieria splendens.
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at cliff bases near the midden sites in association with Acacia con-
stricta (whitethorn acacia), Ambrosia ambrosioides (canyon rag-
weed), Fouquieria splendens (ocotillo), Horsfordia newberryi (yellow
felt plant), Hyptis emoryi (desert lavender), Larrea divaricata, Sim-
mondsia chinensis (jojoba). Succulents include Carnegiea gigantea,
Ferocactus wislizeni (fishhook barrel), and a variety of Opuntia spp.
(chollas and prickly pears).

The north-facing slopes and canyons of Ragged Top provide mesic
microhabitats. Shady, cool vertical cliffs, often more than 30 m tall,
shelter Brickellia californica (brickell bush), Celtis pallida, Eriogo-
num fasciculatum (California buckwheat), Forestiera shrevei (desert
olive), Opuntia chlorotica (pancake prickly pear), Prosopis velutina,
Quercus turbinella, Vauquelinia californica (Arizona rosewood),
Yucca baccata var. brevifolia (Schott) Benson & Darrow (banana
yucca). Most of these are relict species more typical of desert grass-
land and chaparral communities at higher elevations.

In Avra Valley at the lower end of the bajada, the vegetation
changes to a xeric desertscrub characteristic of the Lower Colorado
River Valley subdivision. Dominants include Larrea divaricata,
Ambrosia dumosa, Olneya tesota, Hymenoclea salsola (cheesebush),
and, 1n grazed areas, Isocoma tenuisecta (burroweed).

Packrat middens. Packrats or woodrats are medium-sized rodents
in the genus Neotoma (Cricetidae) that collect various plant materials
for food and construction of a house or den (Finley 1958). When
packrats live in dry rockshelters, urination perches in the dens can
become indurated by urine into hard, dark, organic deposits termed
middens. Plant remains in such middens provide excellent samples
of the local vegetation within about 30 m of the rockshelter filtered
through a packrat’s dietary preferences and collecting habits.

When middens are carefully collected from discrete stratigraphic
units and outer surfaces are removed, contamination 1s not a serious
problem. Improvements in sampling and radiocarbon dating meth-
ods in the last 20 years have reduced contamination to a minimum.
Radiocarbon dates on very small samples using the tandem accel-
erator mass spectrometer permit the antiquity of or contamination
by individual species to be verified (Van Devender et al. 1985).

METHODS

The Wolcott Peak samples were collected in 1971 before standard
procedures to prevent contamination were developed (Van Deven-
der 1973). Samples were collected from crevices at 860 m elevation
facing south (WP2) and southwest (WP4, WP5). In the WP2 sample,
several small chunks of midden from a deep narrow cleft were com-

bined because of their similar appearance and unusual abundance
of bone (Van Devender and Mead 1978; Mead et al. 1983). Midden
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debris from the WP2 yielded an age of 5020 = 80 yr B.P. (A-1216,
radiocarbon years before 1950), several thousand years younger than
expected for a juniper assemblage from a desert site. A separate date
of 14,550 = 800 yr B.P. (A-1286) on juniper twigs confirmed mixing
of material of different ages. Radiocarbon dates on the other samples
were: WP4: 5350 = 100 yr B.P. (A-1236 on midden debris) and
WP5: 12,130 = 500 yr B.P. (A-1287 on Juniperus twigs).

Midden samples were disaggregated in water, washed through a
20 mesh soil sieve, air dried, and sorted under a binocular micro-
scope. Plant specimens were identified using reference specimens in
the Herbarium and the Desert Laboratory at the University of Ar-
izona. Distributions for extralocal species were determined using
specimens in the Herbarium and the literature. Plant fragments were
ranked in an internal relative abundance scale ranging from rare to
abundant: i.e., a single specimen ranked 1, the most common taxon
5, the remainder in between. More elaborate quantitative methods
using percentages of identified specimens greatly increase the ana-
lytical effort without significantly improving the final result (Spaul-
ding et al. 1990; Van Devender 1990).

The modern flora above 720 m elevation was surveyed briefly in
1971 and intensively from 1987 through 1992. Vouchers of modern
plant specimens were deposited into the herbaria at the Arizona—
Sonora Desert Museum and the University of Arizona. Species en-
countered near the midden sites are presented in Table 1. Plant
nomenclature follows Lehr (1978) with authorities for exceptions
given in the text or tables.

RESULTS AND DISCUSSION

The plant macrofossils from the packrat middens provide glimps-
es of the flora and vegetation of Wolcott Peak at two times in the
past, and help understand the history and development of a complex
flora. A total of 73 plant taxa, including trees and woody shrubs
(19.2%), subshrubs (9.6%), succulents (13.7%), herbs (41.2%), and
grasses (16.4%) were identified from the three midden assemblages
(Table 1). The number of taxa identified per midden ranged from
11 to 54 (av. = 35.7).

Late Wisconsin. The mixed WP2 assemblage yielded several typ-
ical woodland plants including Berberis sp. (barberry), Juniperus
erythrocarpa Cory/J. monosperma (redberry/oneseed juniper), J. os-
teosperma (Utah juniper), and Pinus monophylla. Considering that
these species are typical of late Wisconsin midden assemblages in
the northeastern Sonoran Desert (Van Devender 1990; Anderson
and Van Devender 1991; Van Devender et al. 1991), they were
probably associated with the 14,550 yr B.P. date rather than the
5020 yr B.P. middle Holocene date.
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The 12,130 yr B.P. sample yielded remains typical of a late Wis-
consin pinyon—juniper—-oak woodland/chaparral dominated by Ju-
niperus erythrocarpa/J. monosperma, Ericameria cuneata (cuneate
turpentine bush), and Opuntia chlorotica, in association with Pinus
monophylla, Quercus turbinella, Rhus cf. aromatica Ait. (skunk-
bush), Vauquelinia californica, and Agave cf. deserti (desert agave).
Leaves originally reported as Q. cf. emoryi (Emory oak) and Rham-
nus crocea (hollyleaf buckthorn) in Van Devender (1973) were re-
examined and found to be within the range of variation of Q. tur-
binella. Considering the Holocene radiocarbon ages associated with
Carnegiea gigantea and Encelia farinosa in other northeastern So-
noran Desert midden studies (Van Devender et al. 1985; Van De-
vender 1990; Anderson and Van Devender 1991), the few seeds and
achenes in WPS5 probably represent younger contaminants and not
members of the late Wisconsin flora. However, leaflets and seeds of
Prosopis velutina, a desert grassland dominant, may be contempo-
raneous considering a radiocarbon date of 11,740 yr B.P. on P.
velutina mesocarps from a Waterman Mountains midden (Anderson
and Van Devender 1991).

The rugged topography and varied microhabitats of Ragged Top
have greater potential for the survival of relict populations than
nearby larger ranges. Only 24.1% of the 54 taxa in the WP5 sample
no longer occur on the mountain. Of the WP5 taxa that still occur
on Ragged Top, 53.7% still grow on hot south-facing slopes, in-
cluding four of five local succulents. Today the south slopes of Wol-
cott Peak are too hot and dry to support 19 species (46.3%) now
restricted to cooler more mesic microhabitats on north slopes and
in riparian drainages. The relict plants include shrubs (Eriogonum
fasciculatum, Quercus turbinella, Vauquelinia californica), a suc-
culent (Opuntia chlorotica), grasses (Bromus carinatus, Stipa spe-
ciosa), perennial herbs (Ambrosia confertiflora, Physalis crassifolia,
Tragia nepetaefolia), and annuals (Boerhavia wrightii, Galium apari-
ne, Kallstoemia spp., and Plagiobothrys arizonicus). The relict Q.
turbinella population contains eight mature plants. Stipa speciosa
(desert needlegrass) 1s restricted to a few rocky outcrops on the north
side. Digitaria cognata (Schult.) Pilg. (fall witchgrass) was only found
in a wash on Wolcott Peak.

Overall, the responses of the plants in the Ragged Top flora to
Holocene climate changes were modest. The plants that no longer
live on Ragged Top represented only 19.2% of the midden flora, but
included important structural components in late Wisconsin com-
munities; 1.e., trees, shrubs, and large succulents. The distances and
directions to their nearest modern populations are of special bio-
geographical interest. Five species (6.5%) are found on nearby ranges
within five kilometers. Another five species can be found on ranges

within 40 kilometers. Only four species (5.5%) occur further away
(90-135 km).
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The absences of the succulents Agave deserti and Ferocactus cy-
lindraceus (Engelm.) Orcutt (California barrel cactus) on Ragged Top
are not easily explained. Ferocactus cylindraceus is found as low as
700 m elevation on most of the nearby desert peaks and hills in-
cluding the Samaniego Hills (4.5 km NE). Agave deserti is still found
in the Waterman Mountains in a variety of habitats from north-
facing granitic slopes to south-facing xeric limestone. The absence
of the widespread Artemisia ludoviciana (white sage, estafiate) is
surprising considering its leaves in the WPS5 sample, suitable shady
niches on Ragged Top, and extensive populations on the north-facing
slopes on the upper elevations of the Silver Bell Mountains (3.5
km S).

The remaining extralocal taxa all occur within 140 km. Opuntia
whipplei (Whipple cholla) is reported from near Oracle (90 km ENE)
but is more typically found in the northern half of Arizona (Benson
1982). A single Juniperus erythrocarpa (as J. monosperma) reported
in the Silver Bell Mountains (3.5 km S; Brown 1978) has not been
relocated. Otherwise, the nearest J. erythrocarpa occurs as relict
populations on Newman Peak in the Picacho Mountains (35 km
NNE; Brown 1978). Pinus monophylla can be found as close as the
Pinal Mountains near Miami (110 km NNE) and on Table Mountain
above Aravaipa Canyon (110 km ENE). The most distant of all the
identified extralocal species is probably J. osteosperma, found as
close as the Apache Mountains near Globe (135 km NNE; Little
1971). A specimen from between Vail and Saguaro National Mon-
ument (80 km ESE) in the University of Arizona Herbarium was
annotated to J. osteosperma by Robert P. Adams in 1975. We feel
that the identification or the locality is incorrect because J. erythro-
carpa was the only species reported in the area by Bowers and
McLaughlin (1987) in their extensive flora of the nearby Rincon
Mountains.

Associations of two or more plants in late Wisconsin woodlands
that cannot be found today or are limited to small ecotonal areas
today have been reported in several Arizona Upland midden studies,
including the nearby Waterman Mountains (Van Devender 1990).
Contamination in the Wolcott Peak middens limited inferences of
paleoassociations to obvious extralocal woodland/chaparral and
winter-rainfall desertscrub taxa. In these assemblages the apparent
associations of Agave deserti with Juniperus osteosperma, Opuntia
whipplei, and Pinus monophylla appear to be anomalous. The ranges
of A. deserti, J. erythrocarpa, and Vauquelinia californica only over-
lap in the upper portions of the Ajo Mountains in Organ Pipe Cactus
National Monument (110 km WSW; Bowers 1980).

The percentage of trees and woody shrubs (20.4%) in WP5 is nearly
twice that of Wolcott Peak (10.6%) and Ragged Top (11.2%) today
while herbaceous perennials have been relatively constant (ca. 13%)
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over time. However, the low semi-woody plants, here termed sub-
shrubs, increased over two-fold although combined perennial non-
succulents remained relatively constant: late Wisconsin = 40.7%,
middle Holocene = 36.4%, Wolcott Peak flora = 41.8%, Ragged
Top flora 39.4%. Percentages of woody perennials similar to those
in the late Wisconsin Wolcott Peak woodland assemblages were
found in four Waterman Mountains samples dated at 11,510 to
12,690 yr B.P. (44.7%; Anderson and Van Devender, 1991) and in
two Picacho Peak (25 km NNE) samples dated at 11,100 to 13,170
yr B.P. (38.7%; Van Devender et al. 1991). In contrast, grasses and
succulents were better represented in the Ragged Top tlora in tne
late Wisconsin than today.

Middle Holocene. The WP4 sample yielded remains of a Sonoran
desertscrub at a rocky cliff base at 5350 yr B.P. The plant assemblage
was depauperate because of small sample size and the unusual abun-
dance of bones (Van Devender and Mead 1978; Mead et al. 1983).
Twigs of Juniperus erythrocarpa/monosperma in the sample were
probably contaminants older than 8900 yr B.P. (Van Devender 1990)
although rugged topography may have allowed a relict population
to survive on Ragged Top later in the Holocene than in other ranges.
Several plants sampled including Celtis pallida, Ericameria larici-
folia (turpentine bush), Opuntia chlorotica, and O. phaeacantha
(variable prickly pear) still occur on Wolcott Peak but not at the
midden site, indicating more favorable moisture conditions than
today.

A number of desertscrub or subtropical species that are fairly
intolerant of freezes and cool, dry summers in the mixed WP2 as-
semblage were likely associated with the 5020 yr B.P. date rather
than the late Wisconsin 14,550 yr B.P. date. They include shrubs
(Celtis pallida, Prosopis velutina), subshrubs (Brickellia cf. coulteri,
Carlowrightia arizonica, Plumbago scandens), a perennial vine (Ja-
nusia gracilis), and herbs (Allionia incarnata, Boerhavia erecta var.
intermedia, Nicotiana trigonophylla). Allionia incarnata, Janusia
gracilis, and Prosopis velutina are present elsewhere on Wolcott Peak
or Ragged Top but no longer occur near the midden site. Celtis
pallida appears to have been more common in the past than it is
today. Indicators of greater moisture in middle Holocene assem-
blages are in agreement with previous climatic reconstructions for
the Sonoran Desert of summer temperatures greater than today,
strong summer monsoons, and reduced winter rainfall (Van Deven-
der et al. 1987; Van Devender 1990).

Previous Sonoran Desert midden studies inferred that more fre-
quent freezes in the middle Holocene than today delayed the north-
ward dispersal of important subtropical Sonoran Desert plants (Van
Devender 1990). A number of trees and shrubs not found in the
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Wolcott Peak middens are common near the sites today including
Cercidium microphyllum, Horsfordia newberryi, Hyptis emoryi, Lar-
rea divaricata, Olneya tesota, and Simmondsia chinensis. Their ar-
rivals in the area or increases in abundance reflect late Holocene
changes in the flora and vegetation in the last 4000 years.

Relict species. The modern climatic and vegetation regimes of
Ragged Top were apparently established some time after 5000 years
ago. The flora of Ragged Top is exceptionally rich for its elevation,
size, and rock types. The richness is primarily due to a great variety
of microhabitats allowing many species to live in a small area. The
steep, shady cliffs and canyons also provide safe sites for relict pop-
ulations extirpated from more exposed areas in the region. The
packrat middens provide evidence that the Ragged Top relicts were
1solated at different times. Quercus turbinella, Vauquelinia califor-
nica, and Yucca baccata are chaparral/woodland plants that were
more widespread prior to 8900 years ago. Brown (1978) summarized
1solated populations of relict plants including these species, Junip-
erus erythrocarpa, and Rhus aromatica in 22 desert mountain ranges
in Arizona. A small population of Ipomopsis multiflora on Ragged
Top may have been isolated at the same time. Other relictual pop-
ulations of species that occurred more widely in the Wisconsin and
are common in woodland and chaparral today include Y. baccata
in the Silver Bell (3.5 km S) Mountains, Agave deserti and Y. baccata
in the Waterman Mountains (10 km S), Morus microphylla (Texas
mulberry), R. aromatica, Q. turbinella, V. californica, and Y. baccata
in the Tucson Mountains (35 km SE), and Agave palmeri (Palmer
agave), and M. microphylla, Q. turbinella, V. californica in the Pi-
cacho (35 km NNE) Mountains. We have seen no evidence of genetic
changes in these populations after 9000 years of isolation.

Other Ragged Top relicts such as Echinopepon wrightii (wild bal-
sam apple), Ipomoea cristulata Hallier f. (scarlet morning glory), and
Pisonia capitata (Wats.) Standl. (garumbullo) are more topical, sum-
mer rainfall plants which probably reached the area between 4000
and 8900 years ago. The latter is a tropical shrub in the Nyctagi-
naceae disjunct from the nearest Sonoran populations by 460 ki-
lometers (Wiens 1990). A single colony of four female plants is in
a narrow, shady crevice. Other subtropical relicts whose dispersal
and isolation probably dates to the middle or late Holocene include
Coursetia glandulosa Gray (baby bonnets) on Pan Quemado (12 km
SSE) and Ragged Top, and Stenocereus thurberi (Engelm.) Gibson
& Horak on Desert Peak (34 km NE; Benson, 1982) and in the
Roskruge Mountains (24 km S: 1.8 mi. NW Pescadero Mountain,
T14S R9E S9, NWY, 825 m elev.; S. Norman personal communi-
cation 1991). Pollen and seeds of Bursera in packrat middens record
the arrivals of Bursera aff. microphylla (elephant tree) in the Wa-
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terman Mountains by 5190 yr B.P. (Anderson and Van Devender
1991).

The middens also indicate that the abundances of plants in the
modern desertscrub community on Wolcott Peak have increased
and decreased, and local distributions have shifted in the last 5000
years. Studies of more continuous Holocene midden sequences from
the Sonoran Desert suggest that community composition and struc-
ture have varied continuously without approaching equilibria in
response to climate changes on time scales from millennia to decades
(Van Devender et al. 1987; Anderson and Van Devender 1991; Van
Devender 1990).
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